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(54) Ink jet apparatus 

(57) An ink jet apparatus includes a plurality of ink 
chambers each having a front end and a rear end, a 
manifold provided to introduce ink into each ink cham- 
ber with a front side surface on a side near the front end 
of each ink chamber, and a nozzle provided at the front 
end of each ink chamber. Ink is jetted from the nozzle by 
applying pressure to the ink contained in each ink 
chamber. Each of the ink chambers has a cross-sec- 
tional area and the manifold has a cross-sectional area, 
the cross-sectional area of the manifold being at least 
0.5 times the cross-sectional area of all the ink cham- 
bers combined. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an Inkjet apparatus 
that prints by ejecting ink droplets under pressure from 
nozzles. 

2. Description of the Related Art 

Traditional impact printers are now being replaced 
with non-impact printers, and the market of the non- 
impact printers is being expanded- One known kind of 
non-impact printers is an ink jet printer simple in princi- 
ple and that can easily effect multi-scale or color print- 
ing. Of all of the types of ink jet printers, a drop-on- 
demand type ink jet printer capable of jetting ink drop- 
lets at a required time during printing has rapidly spread 
owing to its good jetting efficiency and its low running 
cost. 

Typical examples of such drop-on-demand type ink 
jet printers, are a Kaiser type disclosed in Japanese 
Patent Publication No. Sho 53-12138 and a thermal jet 
type disclosed in Japanese Patent Publication No. Sho 
61-59914, for example. However, the former is hard to 
reduce in size, and the latter is required to have a high 
heat resistance of ink because the ink undergoes a high 
temperature. Thus, both types have very severe prob- 
lems in application. 

To solve the above problems, there has been a 
newly proposed shear mode type disclosed in U.S. Pat- 
ent No. 4,887,100, for example. 

Fig. 16 shows a shear mode type ink jet apparatus 
1 in the prior art. As shown in Fig. 16, the ink jet appa- 
ratus 1 is constructed of a piezoelectric ceramics plate 
2, a cover plate 10, a nozzle plate 14, and a substrate 
41, 

The piezoelectric ceramics plate 2 is provided with 
a plurality of grooves 3 by grinding with use of a dia- 
mond blade or the like. Accordingly, a plurality of side 
walls 6 extend along_the grooves 3 in such a manner 
that each side wall 6 is formed between adjacent ones 
of the grooves 3. Each side wall 6 is polarized in a direc- 
tion indicated by an arrow 5. All the grooves 3 have the 
same depth, and they are parallel to each other. The 
depth of each groove 3 is gradually reduced as it 
approaches a rear end surface 15 of the piezoelectric 
ceramics plate 2 to form a shallow groove 7 near the 
rear, end surface 15. A pair of metal electrodes 8 are 
formed on opposed side surfaces of each groove 3 at an 
upper half portion thereof by sputtering or the like. Fur- 
ther, a metal electrode 9 is formed on opposed side sur- 
faces and a bottom surface of each shallow groove 7 by 
sputtering or the like. The pair of metal electrodes 8 
formed on the opposed side surfaces of each groove 3 
are connected with the metal electrode 9 formed on the 
opposed side surfaces and the bottom surface of the 



corresponding shallow groove 7 contiguous to the 
groove 3. 

The cover plate 1 0 is formed of a ceramics material, 
a resin material, etc. The cover plate 10 is provided with 
5 an ink inlet hole 16 and a manifold 18 communicating 
with the ink inlet hole 16 by grinding, cutting, etc. The 
lower surface of the cover plate 10, on which the mani- 
fold 18 is formed, is bonded to the upper surface of the 
piezoelectric ceramics plate 2 on which the grooves 3 
10 are formed by an epoxy adhesive 20 (see Fig. 18). 
Accordingly, a plurality of individual ink chambers 4 
functioning as ink channels (see Fig. 18) are defined by 
the grooves 3 of the piezoelectric ceramics plate 2 and 
the lower surface of the cover plate 10 to be trans- 
15 versely equally spaced from each other. As shown in 
Fig. 18, each ink chamber 4 is rectangular in vertical 
section, and it is filled with ink in operation. 

As shown in Fig. 16, the nozzle plate 14 is bonded 
to the front end surface of the assembly of the piezoe- 
20 lectric ceramics plate 2 and the cover plate 10. The noz- 
zle plate 14 is provided with a plurality of nozzles 12 at 
laterally spaced positions corresponding to the front end 
positions of the ink chambers 4. The nozzle plate 14 is 
formed of a plastic material such as polyalkylene 
25 terephthalate (e.g., polyethylene terephthalate), polyim- 
ide, polyetherimide, polyetherketone, polyethersulfone, 
polycarbonate, or cellulose acetate. 

The substrate 41 is bonded to the lower surface of 
the piezoelectric ceramics plate 2 on the opposite side 
30 of the cover plate 10 by an adhesive such as an epoxy 
adhesive. A plurality of individual conductor film pat- 
terns 42 are formed on the substrate 41 at transversely 
spaced positions corresponding to the rear end posi- 
tions of the ink chambers 4. Each conductor film pattern 
35 42 is connected through a conductor wire 43 to the 
metal electrode 9 formed on the bottom surface of the 
shallow groove 7 in the corresponding ink chamber 4 by 
wire bonding. 

Fig. 1 7 shows a schematic diagram of a control 
40 section for controlling the ink jet apparatus 1 . As shown 
in Fig. 17, the conductor film patterns 42 formed on the 
substrate 41 are individually connected to an LSI chip 

51. Also connected to the LSI chip 51 are a clock line 

52, a data line 53, a voltage line 54, and a ground line 
45 55. The LSI chip 51 determines from which nozzle 12 

the ink droplets are to be jetted according to data 
appearing on the data dine 53 on the basis of continu- 
ous clock pulses supplied from the clock line 52. Then, 
according to the result of determination, the LSI chip 51 

so applies a voltage V of the voltage line 54 to the conduc- 
tor film pattern 42 connected to the metal electrode 8 in 
the ink chamber 4 to be driven. Further, the LSI chip 51 
applies a zero volt of the ground line 55 to the other con- 
ductor film patterns 42 connected to the metal elec- 

55 trodes 8 in the other ink chambers 4 not to be driven. 

The operation of the ink jet apparatus 1 is described 
with reference to Figs. 18 and 19. When the LSI chip 51 
determines that the ink droplets are to be jetted from the 
nozzle 12 corresponding to the ink chamber 4b as one 
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of the ink chambers 4 of the ink jet apparatus 1 accord- 
ing to given data, a positive driving voltage V is applied 
to the metal electrodes 8e and 8f and the metal elec- 
trodes 8d and 8g are grounded. As shown in Fig. 19, a 
driving electric field in a direction indicated by an arrow 5 
13b is generated in the side wall 6b, and a driving elec- 
tric field in a direction indicated by an arrow 13c is gen- 
erated in the side wall 6c. As the directions indicated by 
the arrows 13b and 13c of the driving electric fields are 
perpendicular to the direction indicated by the arrow 5 of 10 
polarization of the piezoelectric ceramics plate 2, the 
side walls 6b and 6c are rapidly deformed inwardly of 
the ink chamber 4b by a piezoelectric thickness shear 
effect. This deformation of the side walls 6b and 6c 
reduces the volume of the ink chamber 4b to rapidly 75 
increase the pressure of the ink filled in the ink chamber 
4b and thereby generate a pressure wave. As a result, 
the ink droplets are jetted from the nozzle 12 (see Fig. 
19) communicating with the ink chamber 4b. 

When the application of the driving voltage V is 20 
stopped, the side walls 6b and 6c gradually restore their 
original positions before deformation (see Fig. 18), and 
the pressure of the ink contained in the ink chamber 4b 
is therefore gradually decreased. Then, additional ink is 
supplied from an ink tank (not shown) through the ink 25 
inlet hole 16 (see Fig. 16) and the manifold 18 (see Fig. 
16) into the ink chamber 4b. 

Referring to Fig. 14 for explanatory purposes, 
which is a sectional side view of the ink jet apparatus 
according to the invention, when the pressure in each 30 
ink chamber 4 is increased to jet the ink droplets, the ink 
is forced from the corresponding nozzle 12 simultane- 
ously, the ink reversely flows from the manifold 18 into 
the ink inlet hole 15. As a result, the pressure near the 
manifold 18 is rapidly reduced to generate a negative 35 
pressure wave. When this negative pressure wave 
reaches the nozzle 12, the ink jet from the nozzle 12 is 
stopped. The shorter the distance y between the front 
side surface of the manifold 18 and the inner surface of 
the nozzle plate 14, the shorter the time of reach of the 40 
negative pressure wave to the nozzle 12. Accordingly, 
when the distance y is reduced, the ink jet from the noz- 
zle 12 is quickly stopped to result in a reduction in vol- 
ume of ink droplets, causing a deterioration in print 
quality. On the other hand, when the distance y is 45 
largely increased, to cope with the above problem, the 
distance x between the front side surface of the mani- 
fold 18 and the rear end surface of each ink chamber 4 
becomes very small. Accordingly, the ink flow from the 
manifold 18 into each ink chamber 4 becomes difficult, so 
so that a necessary amount of ink cannot be supplied to 
each ink chamber 4. As a result, the volume of ink drop- 
lets is reduced to cause deterioration in print quality. 

It is a primary object of the present invention to pro- 
vide an ink jet apparatus that can maintain a pressure ss 
necessary for jetting ink droplets for a relatively long 
period of time and can smoothly introduce ink from the 
manifold into each ink chamber, thereby improving a 
print quality. 



According to the present invention, there is pro- 
vided an ink jet printing apparatus comprising: 

a plate with a plurality of longitudinally extending 
upstanding walls defining parallel ink chambers, 
each of said ink chambers having a front end and a 
rear end; 

a nozzle assembly coupled to said plate at said 
front end of said ink chambers and having nozzles 
formed therein, said nozzles being aligned with said 
ink chambers; and 

a cover coupled to said plate and closing said ink 
chambers, said cover including an ink manifold hav- 
ing a front side and a rear side and being in commu- 
nication with said ink chambers and including an ink 
inlet in said manifold for introducing ink into said 
manifold; 

wherein each of said ink chambers has a 
cross-sectional area and said manifold has a cross- 
sectional area, and wherein the cross-sectional 
area of said manifold is at least 0.5 times the cross- 
sectional area of all of said ink chambers combined. 

Preferably, the distance between the front side sur- 
face of the manifold and the nozzle comprises a dis- 
tance between the front side surface of the manifold and 
an opening of the nozzle on a side exposed to the ink 
chamber. 

In the ink jet apparatus of the present invention hav- 
ing the above construction, pressure necessary for jet- 
ting ink droplets can be maintained for a relatively long 
period of time. A flow resistance to the ink flowing from 
the manifold into each ink chamber can be reduced. 

As described above, the distance between the front 
side surface of the manifold and the nozzle is set so that 
the pressure near the nozzle can be maintained for a 
necessary period of time upon jetting of the ink, thereby 
ensuring a sufficient volume of ink droplets to be jetted. 
Accordingly, print quality is improved. Further, since a 
necessary amount of ink is supplied to each ink cham- 
ber, the volume of ink droplets to be jetted can be made 
into a desired value, thereby improving print quality. 

Other objects and features of the invention will be 
more fully understood from the following detailed 
description and appended claims when taken with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is an enlarged partial sectional view of a 
principle part of an ink jet apparatus in a preferred 
embodiment according to the present invention, 
showing the size of an ink inlet hole; 
Fig. 1B is a partial cross section taken along the 
line l-l in Fig. 1A; 

Fig. 2 is a graph showing the relation between the 
diameter of the ink inlet hole and a Reynolds 
number; 

Fig. 3A is an enlarged partial sectional view similar 
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to Fig. 1 A, showing the depth of a manifold; 

Fig. 3B is a partial cross section taken along the 

line Ill-Ill in Fig. 3A; 

Fig. 4 is a graph showing the relation between the 
depth of the manifold and the central speed of a jet; 
Fig. 5A is a view similar to Fig. 1 A, showing the sec- 
tional area of the manifold and the total sectional 
area of ink chambers; 

Fig. 5B is a cross section taken along the line V-V in 
Fig. 5A; 

Fig. 6 is a graph showing the relation between the 
sectional area of a channel and a pressure loss; 
Fig. 7 is a graph showing the relation between the 
ratio of the sectional area of the manifold to the total 
sectional area of the ink chambers and a pressure 
loss; 

Fig. 8 is a schematic partial sectional view similar to 
Fig. 1B, showing the depth of each ink chamber 
_ and the thickness of a cover plate; 
Fig. 9 is a graph showing the relation between the 
product of the depth of each ink chamber and the 
thickness of the cover plate and the flying speed of 
ink droplets; 

Fig. 1 0A is a partial sectional view similar to Fig. 1 B, 
showing when the bonded surface of the cover 
plate is smooth; 

Fig. 1 0B is a partial sectional view similar to Fig. 
1 0A, showing when the bonded surface of the cover 
plate is rough; 

Fig. 1 1 is a graph showing the relation between the 
surface roughness of the cover plate and the vol- 
ume of ink droplets; 

Fig. 12A is a partial sectional view similar to Fig. 
10A, showing the condition where an adhesive for 
bonding a piezoelectric ceramics plate and the 
cover plate is heated to be hardened when a coeffi- 
cient of linear expansion of the piezoelectric ceram- 
ics plate is different from that of the cover plate; 
Fig. 12B is a partial sectional view similar to Fig. 
12 A, showing the condition where the adhesive 
heated to be hardened is returned to ordinary tem- 
perature; 

Fig. 13 is a table showing the result of an endur- 
ance test when various materials ore used for the 
piezoelectric ceramics plate and the cover plate of 
the ink jet apparatus; 

Fig. 14 is an enlarged partial sectional view similar 
to Fig. 1 A, showing the position of the manifold rel- 
ative to each ink chamber; 

Fig. 15 is a graph showing the relation between the 
position of the manifold and the volume of ink drop- 
lets; 

Fig. 16 is a partially cutaway perspective view of a 
shear mode type ink jet apparatus in the prior art; 
Fig. 17 is a schematic diagram of a control section 
of the ink jet apparatus shown in Fig. 16; 
Fig. 18 is a partial sectional view of the ink jet appa- 
ratus shown in Fig. 16; and 

Fig. 19 is a partial sectional view similar to Fig. 18, 
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showing the operation of the ink jet apparatus. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

5 

A preferred embodiment of the present invention is 
described referring to the drawings, in which the same 
members as those shown in Figs. 16 to 19 are denoted 
by the same reference numerals, and the explanation 
w thereof will be omitted. 

Figs. 1 A and IB are enlarged views of an ink inlet 
hole 16 and a manifold 18 in the preferred embodiment. 
Specifically, Fig. 1 A is a cross section taken from the 
side of an ink jet apparatus 1 , and Fig. 1 B is a cross sec- 
15 tion taken along the line l-l in Fig. 1A. 

As shown in Fig. 1B, the ink jet apparatus 1 
includes a piezoelectric ceramics plate 2 and a cover 
plate 10. The piezoelectric ceramics plate 2 has a plu- 
rality of grooves 3 and a plurality of side walls 6 parti- 
20 tioning the grooves 3. The cover plate 10 has the ink 
inlet hole 16 and the manifold 18. The piezoelectric 
ceramics plate 2 and the cover plate 10 are bonded 
together by an adhesive 20 to thereby define a plurality 
of ink chambers 4 as ink channels. 
25 As shown by an arrow 30 in Fig. 1 A, ink is supplied 
from an ink tank (not shown) through an ink supply tube 
(not shown) into the ink inlet hole 16 having a diameter 
d. Then, the ink is supplied from the ink inlet hole 16 
through the manifold 18 into each ink chamber 4. Since 
30 the manifold 18 has a sectional area larger than that of 
the ink inlet hole 16 as shown, the ink flowing from the 
ink inlet hole 16 into the manifold 18 is jetted therein. 
Accordingly, the ink undergoes a divergent flow loss due 
to rapid enlargement of a channel. A total flow loss 
35 occurring in the ink flowing from the ink inlet hole 1 6 into 
the manifold 18 varies according to the state the ink is 
jetted in. When the ink is jetted in a state of laminar flow, 
the total flow loss is equal to the divergent flow loss. 
When the ink is jetted in a state of turbulent flow, the 
40 total flow loss is equal to the sum of the divergent flow 
loss and a turbulent flow loss. 

To reduce the total flow loss and obtain a stable flow 
of the ink, excluding any small fluctuations, the jet state 
must be kept in the laminar flow state. To obtain the lam- 
45 inar flow state, it is known that a Reynolds number Re, 
which is an important parameter deciding the flow state 
of a fluid, must be reduced to about 30 or less (see for 
example, Dynamics of Viscous Fluid . Takefumi Ikui and 
Masahiro Inoue, p. 206, Rikogaku-sha). The Reynolds 
so number Re is expressed as Re = ud/v , where u repre- 
sents the velocity of the ink flowing from the ink inlet 
hole 16; d represents the diameter of the ink inlet hole 
16; and v represents the coefficient of kinematic viscos- 
ity of the ink. If the consumption of the ink per unit time 
55 is fixed, the velocity u is in inverse proportion to the 
square of the diameter d of the ink inlet hole 16. The 
Reynolds number Re is, therefore, in inverse proportion 
to the diameter d of the ink inlet hole 16, as shown in 
Fig. 2. 
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In this preferred embodiment, the maximum con- 
sumption of the ink per unit time was set so that ink 
droplets in a volume of 40pl were simultaneously jetted 
from 25 nozzles at a frequency of 5kHz. A value of 
10cps of pigment ink containing tripropylene glycol 5 
monomethylether (TPM) as a base at ordinary tempera- 
ture was used as the coefficient of kinematic viscosity v 
of the ink. Then, the diameter d of the ink inlet hole 16 
was varied to obtain the Reynolds number Re. The rela- 
tion shown by a solid curve 32 in Fig. 2 was obtained as w 
the result. 

The Reynolds number Re is influenced not only by 
the diameter d of the ink inlet hole 16 but also by the 
consumption of the ink per unit time and the coefficient 
of kinematic viscosity v of the ink. The consumption of is 
the ink per unit time cannot be reduced because a print- 
ing speed and clearness must be maintained. The coef- 
ficient of kinematic viscosity v of the ink cannot be 
largely increased due to the need for stability of the jet 
of ink droplets. In particular, it is desired to prevent gen- 20 
eration of unduly small ink droplets called satellites. 
Accordingly, there is a possibility that the relation 
between the Reynolds number Re and the diameter d of 
the ink inlet hole 16 may shift upwards as shown by a 
broken line 34 in Fig. 2 according to a change in printing 25 
speed or ink viscosity. However, there is no possibility 
that the relation may shift downwards from the solid line 
32 calculated by using a minimum printing speed and a 
minimum ink viscosity. 

Using the relation shown by the solid line 32 in Fig. 30 
2, the larger the diameter d of the ink inlet hole 16, the 
less likely the jet state will become the turbulent flow 
statei. As is apparent from Fig. 2, the diameter d of the 
ink inlet hole 16 must be set to 0.2mm or more to reduce 
the Reynolds number Re to 30 or less. 35 

As mentioned above, the jet state of the ink flowing 
from the ink inlet hole 16 into the manifold 18 can be 
made into a laminar flow state by setting the diameter d 
of the ink inlet hole 16 to 0.2 mm or more. Accordingly, 
the total flow loss occurring in the ink flowing from the 40 
ink inlet hole 16 into the manifold 18 becomes the diver- 
gent flow loss, so that the total flow loss can be mini- 
mized, resulting in no turbulence of the ink flow in the 
manifold 18. Accordingly, the pressure of the ink in the 
manifold 18 becomes constant, and the pressure of the 45 
ink in each ink chamber 4 therefore becomes constant. 
As a result, the volume and the flying speed of ink drop- 
lets to be jetted become constant, thereby improving 
print quality. Further, since a desired amount of ink is 
supplied to each ink chamber 4, the volume of ink drop- so 
lets to be jetted becomes a desired amount, thereby 
improving a print quality. 

In this preferred embodiment, the size of the ink 
inlet hole 16 having a circular shape is decided to 
reduce the Reynolds number Re to 30 or less. When the ss 
ink inlet hole 16 is rectangular, elliptical, etc., the Rey- 
nolds number Re that will not cause a turbulent flow of 
ink may be obtained by carrying out a test to decide the 
size of the ink inlet hole 16. 



In the ink jet apparatus 1 of this preferred embodi- 
ment, the ratio of pressure generated in each ink cham- 
ber 4 to driving voltage applied to each electrode 8 is 
large. Further, the ink flow into each ink chamber 4 is 
stable, and a resistance to the ink flow is small. Accord- 
ingly, a high pressure can be generated in each ink 
chamber 4 by applying a low driving voltage, and ink 
droplets can be jetted with a speed and a volume suffi- 
cient to form print images. According to the ink jet appa- 
ratus 1 of this preferred embodiment, ink droplets can 
be stably jetted with a speed of about 3 to 8m/sec and a 
volume of about 30 to 90pl by applying a low driving 
voltage of about 20 to 50 volts. Thus, a driving circuit 
can be manufactured at a low cost with a small size. The 
ink jet apparatus 1 as a whole can therefore be manu- 
factured at a low cost with a small size. 

Now, the depth of the manifold 18 is described 
referring to Fig. 3a. As shown by an arrow 30 in Fig. 3a, 
ink is supplied from an ink tank (not shown) through an 
ink supply tube (not shown) into the ink inlet hole 16. 
Then, the ink is supplied from the ink inlet hole 16 
through the manifold 18 into each ink chamber 4. At this 
time, the ink in the manifold 18 flows, as shown by 
arrows 31 in Fig. 3B, into each ink chamber 4. Since ink 
chambers 4a and 4b directly face the ink inlet hole 16, 
the ink pressures in the ink chambers 4a and 4b are 
changed by the jet of the ink flowing from the ink inlet 
hole 16. 

Fig. 4 shows a change in central speed of the ink jet 
when the ink flows from the ink inlet hole 1 6 through the 
manifold 18 into the ink chambers 4a and 4b directly 
facing the ink inlet hole 16. In Fig. 4, the axis of the 
abscissa represents the depth h of the manifold 18, and 
the axis of the ordinate represents the central speed of 
the jet. In this preferred embodiment, a test was carried 
out using three values of the diameter d of the ink inlet 
hole 16 and setting a maximum ink consumption so that 
ink droplets in a volume of 40pl were simultaneously jet- 
ted from 20 nozzles at a frequency of 5kHz. Solid lines 
35, 36, and 37 shown in Fig. 4 correspond to the diam- 
eter d of the ink inlet hole 1 6 set to 0.7, 1 .0. and 1 .4mm, 
respectively. 

As is apparent from Fig. 4, when the depth h of the 
manifold 18 is zero, the central speed u of the ink jet 
flowing from the ink inlet hole 16 is maximum in each 
case. As well known, the central speed u of the ink jet is 
in inverse proportion to the square of the diameter d of 
the ink inlet hole 16. The central speed u relatively rap- 
idly decreases with an increase in depth h from zero. 
When the depth h becomes about 0.2mm or more, 
especially, 0.3mm or more, the central speed u 
becomes sufficiently small in each case. Even when the 
depth h is further increased, the central speed u hardly 
decreases in each case. Further, as far as the diameter 
d of the ink inlet hole 16 is 0.2mm or more, a tendency 
similar to that shown in Fig. 4 is exhibited. 

The flow velocity of the jet is proportional to the ink 
consumption per unit time, which varies according to a 
print pattern. Accordingly, unless the depth h of the 
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manifold 18 is set to a value enough to diminish the 
influence of the ink jet flowing from the ink inlet hole 16, 
the ink pressures in the ink chambers 4a and 4b directly 
facing the ink inlet hole 16 would vary according to the 
print pattern, causing instability of jetting of the ink drop- 
lets. 

Consequently, in the ink jet apparatus 1 of this pre- 
ferred embodiment, the depth h of the manifold 18 for 
distributing the ink flowing from the inlet hole 16 to each 
ink chamber 4 is set to 0.2mm or more, preferably 
0.3mm or more. 

Because the depth h of the manifold 18 is set to 0.2 
mm or more, preferably 0.3mm or more, the ink flow into 
each ink chamber becomes stable and uniform. Accord- 
ingly, the pressure generated in each ink chamber 4 
upon application of a driving voltage to each electrode 8 
becomes constant, and ink droplets can be jetted with a 
speed and a volume sufficient to form print images. 
According to the ink jet apparatus 1 of this preferred 
embodiment, ink droplets can be stably and uniformly 
jetted with a speed of about 3 to 8m/sec and a volume 
of about 30 to 90pl by applying a driving voltage of 
about 20 to 50 volts. Further, since the ink flow into each 
ink chamber 4 is stable and uniform, it is not necessary 
to provide a function for correcting the ink flow in the 
driving circuit. Thus, the driving circuit can be simplified 
and made compact. The ink jet apparatus 1 can there- 
fore be stabilized and manufactured at a low cost with a 
small size. 

The relation between the sectional area of the man- 
ifold 18 and the total sectional area of the ink chambers 
4 is described referring to Fig. 5A. In this description, 
the sectional area of the manifold 18 means the area of 
a cross section perpendicular to the longitudinal direc- 
tion of the manifold 18, and the total sectional area of 
the ink chambers 4 means the total areas of the cross 
sections perpendicular to the longitudinal directions of 
all of the ink chambers 4. 

As shown by an arrow 30 in Fig. 5A, ink is supplied 
from an ink tank (not shown) through an ink supply tube 
(not shown) into the ink inlet hole 16. Then, the ink is 
supplied from the ink inlet hole 16 through the manifold 
18 into each ink chamber 4. At this time, the ink in the 
manifold 18 flows as shown by arrows 31 in Fig. 5B into 
each ink chamber 4. 

The manifold 18 is a rectangular channel having a 
sectional area S1 = w x h as shown. Each ink chamber 
4 is a rectangular channel having a sectional area 
S2 = b x H as shown. When the ink flows in these 
channels, it undergoes a flow resistance. In general, a 
flow resistance increases proportionally to the length of 
a channel and rapidly decreases with a decrease in sec- 
tional area of the channel. When the channel has a rec- 
tangular cross section as in the manifold 18 and each 
ink chamber 4, the flow resistance to the ink in a unit 
length of the channel is in substantially inverse propor- 
tion to the square of the sectional area of the channel, 
as shown in Fig. 6. This is true provided that the aspect 
ratio of the channel is kept substantially constant when 
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the cross section of the channel changes in size. How- 
ever, when the height and the width of the rectangular 
cross section are greatly different from each other, the 
relation shown in Fig. 6 is not obtained. Assuming that 
5 the height and the width of the rectangular cross section 
in both the manifold 18 and each ink chamber 4 are not 
greatly different from each other, the relation between 
the sectional area of the cross section and the flow 
resistance in both the manifold 18 and each ink cham- 
w ber 4 shows a tendency similar to that shown in Fig. 6. 

The ink flowing from the ink inlet hole 16 undergoes 
a flow resistance in the manifold 18 and a flow resist- 
ance in each ink chamber 4 until the ink reaches each 
nozzle (not shown). In other words, the total flow resist- 
15 ance to the ink is the sum of the flow resistance in the 
manifold 18 and the flow resistance in all of the ink 
chambers 4. As shown in Fig. 5B, a flow distance from 
the ink inlet hole 16 to an ink chamber 4c is larger than 
a flow distance from the ink inlet hole 1 6 to an ink cham- 
20 ber 4a. for example. Therefore, the flow resistance to 
the ink that will flow into the ink chamber 4c becomes 
larger than the flow resistance to the ink that will flow 
into the ink chamber 4a. Further, the ink that will flow 
into another ink chamber 4 more distant from the ink 
25 inlet hole 16 than the ink chamber 4c undergoes a 
larger flow resistance. 

To make the ink flow into each ink chamber 4 uni- 
form, the manifold 18 is designed in such a manner that 
the flow resistance in the manifold 18 becomes uniform 
30 regardless of the position of each ink chamber 4. Alter- 
natively, the manifold 18 is designed to have a sectional 
area such that the flow resistance in the manifold 18 is 
insignificant compared with the flow resistance in each 
ink chamber 4. The former method is impractical in gen- 
35 eral because the shape and the forming of the manifold 
18 are complicated. Accordingly, the latter method will 
now be described. 

Fig. 7 shows a change in total flow resistance to the 
ink in this preferred embodiment, in which the axis of 
40 abscissa represents a sectional area ratio S1/SA 
between the manifold 18 and all the ink chambers 4. 
The sectional area SA of all of the ink chambers 4 is 
equal to the product of the sectional area S2 of each ink 
chamber 4 and the number of all of the ink chambers 4. 
45 In a test according to this preferred embodiment, the 
maximum ink consumption per unit time was set so that 
ink droplets in a volume of 40pl were simultaneously jet- 
ted from 50 nozzles at a frequency of 2.5kHz. A value of 
10cps of pigment ink containing tripropylene glycol 
so monomethylether (TPM) as a base at ordinary tempera- 
ture was used as the coefficient of kinematic viscosity v 
of the ink. The dimensions of each ink chamber 4 were 
the height H of 400pm, the width b of 80^m, aind the 
length of 12mm. 
55 In Fig. 7, a solid line 38 is a curve showing the total 
flow resistance to the ink, and a broken line 39 is a line 
showing the flow resistance in the ink chambers 4 only 
with no flow resistance in the manifold 1 8. As is appar- 
ent from Fig. 7, the total flow resistance rapidly 
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increases on the left side' of the sectional area ratio 
S1/SA with respect to a boundary value of about 1, that 
is, it rapidly increases with a decrease in sectional area 
ratio S1/SA from about 1. Further, when the sectional 
area ratio S1/SA increases from about 1, the total flow 5 
resistance rapidly approaches the flow resistance in the 
ink chambers 4 only as shown by the broken line 39. In 
other words, when the sectional area ratio S1/SA 
decreases from 1 , the flow resistance in the manifold 1 8 
rapidly increases; while, when the sectional area S1/SA 10 
increases from 1, the flow resistance in the manifold 18 
rapidly decreases. 

Accordingly, the sectional area ratio S1/SA needs 
to be set to 1 or more to reduce the flow resistance in 
the manifold 18. Further, in an ink jet apparatus having is 
a structure like that of this preferred embodiment, there 
is no possibility that the inks in the adjacent ink cham- 
bers 4 will be simultaneously jetted. Accordingly, the 
_ total sectional area of all of the ink chambers 4 becomes 
half in reality. Even considering this fact, the sectional 20 
area ratio S1/SA needs to be set to 0.5 or more. 

Thus, the increase in the sectional area ratio S1/SA 
is necessary for a reduction in flow resistance in the 
manifold 18. However, when the sectional area ratio 
S1/SA becomes about 5 or more, the flow resistance in 25 
the manifold 18 is greatly reduced to 1% or less of the 
flow resistance in the ink chambers 4, which is substan- 
tially' insignificant. Accordingly, an increase in sectional 
area ratio S1/SA from about 5 merely causes enlarge- 
ment of the ink jet apparatus 1 and is hardly effective for 30 
the reduction in the total flow resistance. Thus, it is rea- 
sonable to set the sectional area ratio S1/SA to a value 
up. to 5 from the viewpoints of a reduction in size and 
cost of the ink jet apparatus 1 . 

In the test according to this preferred embodiment, 35 
the dimensions of each ink chamber 4 were set to 
400>m in height H, 80ym in width b, and 12mm in 
length. However, even when the dimensions of each ink 
chamber 4 are changed, the above preferable sectional 
area ratio S1/SA is unchanged. That is, as shown in Fig. 40 
7, the curve 38 showing a pressure loss is merely 
expanded or contracted in a vertical direction on the 
basis of the axis of abscissa as shown by a broken line 
38a or 38b. 

Consequently, in the ink jet apparatus 1 of this pre- 45 
ferred embodiment, the sectional area of the manifold 
18 for distributing the ink having flowed from the ink inlet 
hole 16 into each ink chamber 4 is set to about 0.5 to 5 
times the total sectional area of all of the ink chambers 
4. 50 

Because the sectional area of the manifold 18 is set 
to about 0.5 to 5 times the total sectional area of all the 
ink chambers 4, the ink is substantially uniformly distrib- 
uted through the manifold 18 into each ink chamber 4 
with a low flow resistance. Accordingly, the ink can be 55 
smoothly introduced into each ink chamber 4, and a 
high pressure can be generated in each ink chamber 4 
by applying a low driving voltage. Thus, ink droplets are 
jetted with a sufficient speed and a uniform volume to 



form print images. According to the ink jet apparatus 1 
of this preferred embodiment, ink droplets can be stably 
jetted with a speed of about 3 to 8m/sec and a volume 
of about 30 to 90pl by applying a low driving voltage of 
about 20 to 50 volts. Thus, a driving circuit can be man- 
ufactured at a low cost with a small size. The ink jet 
apparatus 1 as a whole can therefore be manufactured 
at a low cost with a small size. 

Now, the depth of each groove 3 forming each ink 
chamber 4 and the thickness of the cover plate 10 is 
described referring to Fig. 8 which is a sectional view of 
a part of the ink jet apparatus 1 showing the shapes of 
the grooves 3, the side walls 6, the metal electrodes 8. 
and the cover plate 10. Reference character b repre- 
sents the width of each groove 3 formed on the piezoe- 
lectric ceramics plate 2, and reference character H 
represents the depth of each groove 3. As each metal 
electrode 8 is formed on the upper half portion of each 
side wall 6. the length from the upper end to the lower 
end of each metal electrode 8 becomes half of the depth 
H of each groove 3, that is, becomes H/2. Further, refer- 
ence character k represents the thickness of the cover 
plate 1 0 made of the same material as that of the piezo- 
electric ceramics plate 2. 

The relation between the depth H of each groove 3 
forming each ink chamber 4 and the thickness k of the 
cover plate 10 was examined to obtain a flying speed of 
ink droplets necessary for stable printing. 

In a test according to this preferred embodiment, 
three kinds of piezoelectric ceramics plates 2 having dif- 
ferent groove depths H of 0.2, 0.4, and 0.6mm were 
used. In each piezoelectric ceramics plate 2, the width 
of each side wall 6 was set to 80^m, and the width b of 
each groove 3 was set to 80jim. Lead zirconate titanate 
(PZT) piezoelectric ceramics were used as the materi- 
als of the piezoelectric ceramics plate 2 and the cover 
plate 10. An aluminum film having a thickness of about 
1^im formed by vacuum deposition was used as each 
metal electrode 8. and an epoxy adhesive was used as 
the adhesive 20. Further, four kinds of cover plates 10 
having different thicknesses k of 0.25, 0.5, 1 , and 2mm 
were used. Thus, twelve kinds of ink jet apparatus 1 
were totally prepared by using the three kinds of piezo- 
electric ceramics plate 2 and the four kinds of cover . 
plates 10 in combination. Further, pigment ink contain- 
ing tripropylene glycol monomethylether (TPM) as a 
base was used as the ink, and a driving voltage to be 
applied to each metal electrode 8 was set to 40 volts. 
The flying speed of ink droplets was calculated by emit- 
ting light from a light emitting diode in synchronism with 
a driving voltage pulse to form a still image of the drop- 
lets and shifting a timing of the light emission to the driv- 
ing voltage pulse to obtain a travel of the still image of 
the ink droplets. 

The flying speeds of ink droplets in the various 
kinds of ink jet apparatus 1 prepared above were meas- 
ured. The result of measurement is shown in Fig. 9. in 
which the axis of abscissa represents the product H x k 
of the depth H of each groove 3 and the thickness k of 
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the cover plate 10 and the axis of ordinate represents 
the flying speed of ink droplets. In Fig. 9, solid lines 40, 
42, and 44 correspond to the ink jet apparatuses 1 hav- 
ing the depths H of 0.2, 0.4, and 0.6mm, respectively. 

As is apparent from Fig. 9, the larger the depth H of 
each groove 3, the larger the flying speed of droplets. In 
each of the solid lines 40, 42, and 44, the flying speed 
rapidly decreases when the product H x k becomes 
about 0.2 or less. The reason for such a rapid decrease 
is that when the adjacent side walls 6 are deformed as 
shown by broken lines in Fig. 8 at the time of jetting of 
the ink, the cover plate 10 is minutely deformed as 
shown by broken lines in Fig. 8. The larger the rate of 
the deformation of the cover plate 10 to the volume of 
each ink chamber 4, the smaller the increase in pres- 
sure in each ink chamber 4, resulting in a reduction in 
flying speed of droplets. To reduce the rate of the defor- 
mation of the cover plate 10 to the volume of each ink 
.chamber 4, it is necessary to either enlarge the depth H 
of each groove 3 or enlarge the thickness k of the cover 
plate 10. Accordingly, it is sufficient to enlarge the prod- 
uct H x k. As is apparent from Fig. 9, it is preferable to 
set the product H x k to 0.2 or more, so as not to rapidly 
decrease the flying speed of ink droplets. 

While the width of each side wall 6 was set to 80um 
in the above test according to this preferred embodi- 
ment, a tendency similar to that shown in Fig. 9 is exhib- 
ited even when the width of each side wall 6 varies from 
the above value. 

Further, while the width b of each groove 3 was set 
to 80jim in the above test, a tendency similar to that 
shown in Fig. 9 is exhibited when the width b of each 
groove 3 is about 80um. 

Consequently, in the ink jet apparatus 1 according 
to this preferred embodiment, the product of the depth 
of each groove 3 and the thickness of the cover plate 10 
is set to 0.2 (mm x mm) or more. 

Because the product of the depth of each groove 3 
and the thickness of the cover plate 10 is set to 0.2 (mm 
x mm) or more, the deformation of the cover plate 10 
due to the deformation of the side walls 6 can be pre- 
vented as much as possible. Accordingly, the ratio of the 
pressure generated in each ink chamber 4 to the driving 
voltage to be applied to each metal electrode 8 can be 
increased. Accordingly, a high pressure can be gener- 
ated in each ink chamber 4 by applying a low driving 
voltage, and ink droplets can be jetted with a speed and 
a volume enough to form print images. According to the 
ink jet apparatus 1 of this preferred embodiment, ink 
droplets can be jetted with a speed of about 3 to 8m/sec 
and a volume of about 30 to 90pl by applying a low driv- 
ing voltage of about 20 to 50 volts. Thus, a driving circuit 
can be manufactured at a low cost with a small size. The 
ink jet apparatus 1 as a whole can therefore be manu- 
factured at a low cost with a small size. 

The influence of the surface roughness of the cover 
plate 10 to ink jet characteristics is described referring 
to Fig. 10A. As shown, each side wall 6 is integral at a 
lower end thereof with the piezoelectric ceramics plate 



2, and an upper end of each side wall 6 is bonded to the 
cover plate 10 by the adhesive 20. When the surface of 
the cover plate 10 is smooth, a very thin film of the 
adhesive 20 is formed between each side wall 6 and the 
5 cover plate 10, and a bonded portion formed by the 
adhesive 20 has a high rigidity. On the other hand, when 
the surface of the cover plate 10 is rough, a large 
amount of the adhesive 20 is interposed between each 
side wall 6 and the cover plate 10 as shown in Fig. 10B 
io to cause a low rigidity of the bonded portion. As a result, 
the pressure generated in each ink chamber 4 upon jet- 
ting of ink droplets cannot be sufficiently increased, so 
that a desired volume of the ink droplets cannot be 
obtained. 

is The volume of ink droplets jetted was measured by 
using the cover plates 1 0 having different surface rough- 
nesses. 

In the ink jet apparatus 1 used in this test, the width 
W ot each side wall 6 was set to 80um the depth H of 
20 each groove 3 equal to the height of each side wall 6 
was set to 400pm, and the width b of each groove 3 was 
set to 80um. Lead zirconate titanate (PZT) piezoelectric 
ceramics were used as the materials of the piezoelectric 
ceramics plate 2 and each cover plate 10. An aluminum 
25 film having a thickness of about formed by vapor 
deposition was used as each metal electrode 8. Further, 
an epoxy adhesive was used as the adhesive 20. The 
thickness k of each cover plate 10 was set to 1mm, and 
the surface roughness of the surface to be bonded to 
30 each side wall 6 was changed from 1 to 8jim. Further, to 
eliminate any influences other than the influence of the 
surface roughness, the adhesive 20 was applied uni- 
formly and thinly in all the cover plates 1 0 having the dif- 
ferent surface roughnesses. The volume of ink droplets 
35 was calculated by measuring the weight of a predeter- 
mined number of the ink droplets with use of a high-pre- 
cision analysis balance and by using the weight thus 
measured and the density of the ink. 

As is apparent from Fig. 11, when the surface 
40 roughness of the cover plate 10 is 3^m or less, the vol- 
ume of the ink droplets is maximum and substantially 
constant. In comparison with this, when the surface 
roughness increases to about 4^m, the volume of the 
ink droplets decreases about 10%. Further, when the 
45 surface roughness increases to about 5^m or more, the 
volume of the ink droplets decreases 20% or more, 
causing a remarkable reduction in formation efficiency 
of the ink droplets. 

Another jet test using the ink jet apparatus 1 having 
so any dimensions other than the above dimensions was 
carried out. As the result of this test, an absolute 
amount of the volume of ink droplets changes, but a 
manner of change due to the surface roughness of the 
cover plate 10 is similar to that shown jn Fig. 11, 
55 Further, even when any adhesive (e.g., phenol 
adhesive) other than the epoxy adhesive is used, a ten- 
dency similar to that shown in Fig. 1 1 is exhibited. 

Consequently, in the ink jet apparatus 1 according 
to this preferred embodiment, the surface roughness of 
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the cover plate 10 is set to'S^m or less, preferably 3^m 
or less. 

Because the surface roughness of the cover plate 
10 is set to 5jim or less, preferably 3jim or less, the ratio 
of the pressure generated in each ink chamber 4 to the 5 
driving voltage applied to each metal electrode 8 is 
large. Accordingly, a high pressure can be generated in 
each ink chamber 4 by applying a low driving voltage, 
and ink droplets can be jetted with a speed and a vol- 
ume enough to form print images. According to the ink io 
jet apparatus 1 of this preferred embodiment, ink drop- 
lets can be jetted with a speed of about 3 to 8m/sec and 
a volume of about 30 to 90pl, which depends on the 
length of each ink chamber 4, by applying a low driving 
voltage of about 20 to 50 volts. Thus, a driving circuit 15 
can be manufactured at a low cost with a small size. The 
ink jet apparatus 1 as a whole can therefore be manu- 
factured at a low cost with a small size. 

The influence of a difference in material between 
the piezoelectric ceramics plate 2 and the cover plate 1 0 20 
to the endurance of the ink jet apparatus 1 is described 
referring to Fig. 12 A. As shown, the piezoelectric 
ceramics plate 2 of the ink jet apparatus 1 is formed with 
a plurality of grooves 3 each forming an ink chamber 4 
and with a plurality of side walls 6 partitioning the 2s 
grooves 3. The width b of each groove 3 is set to 80^m, 
and the depth H of each groove 3 is set to 400nm. The 
width W of each side wall 6 is set to 80um The upper 
end surface of each side wall 6 is bonded to the cover 
plate 10 by an adhesive 20. A thermosetting adhesive 30 
such as an epoxy adhesive is used as the adhesive 20. 
The. adhesive 20 is hardened by heating up to about 
160°C. The thickness of the cover plate 10 is set to 
1mm. 

In the ink jet apparatus 1 as mentioned above, the 35 
material of the piezoelectric ceramics plate 2 is not nec- 
essarily the same as the material of the cover plate 10. 
Accordingly, when the material of the piezoelectric 
ceramics plate 2 has a coefficient of linear expansion 
different from that of the material of the cover plate 10, 40 
the deformation of both members becomes nonuniform 
when the temperature of the adhesive 20 after being 
hardened by heating is returned to ordinary tempera- 
ture. As a result, even when each side wall 6 is bonded 
to the cover plate 1 0 at about 1 60°C in such a manner 45 
that the adjacent side walls 6 are parallel to each other 
as shown in Fig. 12A, the side walls 6 are deformed 
after reaching ordinary temperatures as shown in Fig. 
12B, a residual stress is generated in each side wall 6 
and the adhesive 20 reducing the strength of a bonded so 
portion, in particular. 

In general, the magnitude of the residual stress is 
dependent upon not only a difference in coefficient of 
linear expansion but also an elastic modulus (Young's 
modulus) of material. In the ink jet apparatus 1 of this ss 
preferred embodiment, however, the cover plate 10 is 
sufficiently thick as compared with each side wall 6. 
Thus, the influence caused by a change in Young's 
modulus due to a difference in material of the cover 



plate 10 is substantially insignificant. 

Then, the influence of the above phenomenon to 
the life of the ink jet apparatus 1 was examined. By 
using three kinds of lead zirconate titanate (PZT) piezo- 
electric ceramics having three coefficients of linear 
expansion of 1, 2, and 4ppm/°C, three kinds of piezoe- 
lectric ceramics plates 2 having different coefficients of 
linear expansion were prepared. Further, three kinds of 
cover plates 1 0 having the same materials as those of 
the above piezoelectric ceramics plates 2 were pre- 
pared. Additionally, three kinds of cover plates 10 made 
of magnesia (MgO), zirconia (ZrOa), and alumina 
(Al 2 0 3 ) were prepared. Thus, six kinds of cover plates 
10 having different coefficients of linear expansion were 
totally prepared. 

By using the various kinds of piezoelectric ceramics 
plates 2 and the various kinds of cover plates 10 men- 
tioned above, various ink jet apparatuses 1 were pre- 
pared. Then, driving pulses at a voltage level of 40 volts 
continued to be applied at a frequency of 8kHz to each 
ink jet apparatus 1 . At this time, the number of times of 
the applied driving pulses was measured until the jet 
function of each ink jet apparatus 1 was reduced to a 
degree such that ink droplets could not be formed. 

The result of measurement is shown in Fig. 13. As 
is apparent from Fig. 13, when the difference in coeffi- 
cient of linear expansion between the piezoelectric 
ceramics plate 2 and the cover plate 10 is 6.0ppm/°C or 
less, the life of the ink jet apparatus 1 is 30 x 10 s times. 
In contrast, when the difference in coefficient of linear 
expansion becomes 8.5ppm/°C, the life decreases to 20 
x 10 8 times. Further, when the difference in coefficients 
of linear expansion becomes larger, the life decreases 
more remarkably. 

While an epoxy adhesive is used as the adhesive 
20 in this preferred embodiment, any other thermoset- 
ting adhesives such as a phenol adhesive may be used. 
Also in these cases, a tendency similar to that shown in 
Fig. 13 is exhibited. 

Consequently, in the ink jet apparatus 1 of this pre- 
ferred embodiment the difference in coefficients of lin- 
ear expansion between the piezoelectric ceramics plate 
2 and the cover plate 10 is set to 8.5ppm/°C or less, 
preferably 6.0ppm/°C or less. 

Because the difference in coefficients of linear 
expansion between the piezoelectric ceramics plate 2 
and the cover plate 10 is set to 8.5ppm/°C or less, pref- 
erably 6.0ppm/°C or less, the jet life of the ink jet appa- 
ratus 1 becomes at least about 20 x 10 8 times, 
preferably 30 x 1 0 8 times which is sufficient in practical 
use. Accordingly, the ink jet apparatus 1 can be suffi- 
ciently applied to not only printing of character images 
but also printing of graphics images requiring a great 
frequency of jets of ink. Accordingly, the number of 
replacements of the ink jet apparatus 1 in a printer can 
be reduced, and the reliability of the printer can be 
improved. 

The relative positional relationship between each 
ink chamber 4 and the manifold 18 is described refer- 
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ring to Fig. 1 4 which shows a cross section of the ink jet 
apparatus 1 as viewed from one side thereof. As shown 
by an arrow 30 in Fig. 14, ink is supplied from an ink 
tank (not shown) through an ink supply tube (not shown) 
into the ink inlet hole 16. Then, the ink is supplied from 
the ink inlet hole 16 through the manifold 18 into each 
ink chamber 4. In a test using the ink jet apparatus 1, 
lead zirconate titanate (PZT) piezoelectric ceramics 
were used as the materials of the piezoelectric ceramics 
plate 2 and the cover plate 10. To examine a change in 
volume of ink droplets due to a change in relative posi- 
tional relationship between the manifold 18 and each 
ink chamber 4, various ink jet apparatuses 1 were pre- 
pared having different distances x from the front side 
surface of the manifold 18 to the rear end surface of 
each ink chamber 4. However, in each ink jet apparatus 
1, the full length L of each ink chamber 4 was set to 
17mm. Further, in each ink jet apparatus 1, the depth h 
of the manifold 1 8 was set to 0.5mm, and the width w of 
the manifold 18 was set to 5mm. The volume of ink 
droplets was calculated by measuring the weight of a 
predetermined number of the ink droplets jetted with 
use of a high-precision analysis balance and by using 
the weight thus measured and the density of the ink. 

Using the above various ink jet apparatuses 1 hav- 
ing different relative positional relationship between the 
manifold 18 and each ink chamber 4, the volume of ink 
droplets jetted from each ink jet apparatus 1 was meas- 
ured. The result of measurement is shown in Fig. 15, in 
which the axis of abscissa represents the distance x 
between the front side surface of the manifold 18 and 
the rear end surface of each ink chamber 4, and the axis 
of ordinate represents the volume of ink droplets. As is 
apparent from Fig. 15, when the distance x ranges 
between 1mm and 6mm, the volume of ink droplets 
reaches a maximum value of 60pl, which is kept sub- 
stantially constant. 

When the distance x becomes 1 mm or less, the vol- 
ume of ink droplets rapidly decreases. Further, when 
the distance x decreases to about 0.2mm, the ink can- 
not be jetted. That is, x = 1 means that the distance of 
over lap. between the manifold 18 and each ink chamber 
4 is equal to 1mm, and a decrease in the distance x 
down from 1 mm causes the ink flow into each ink cham- 
ber 4 to become rapidly hard. 

On the other hand, when the distance x becomes 
6mm or more, the volume of ink droplets does not 
decrease as rapidly. This is due to the fact that an 
increase in the distance x results in an approach of the 
manifold 18 to a nozzle plate 14, that is, the distance y 
between the front side surface of the man:- i 18 and 
the inner surface of the nozzle plate 14. Wh : the pres- 
sure in each ink chamber 4 is increased to jet the ink 
droplets from a nozzle 12 formed through the nozzle 
plate 14, the ink in each ink chamber 4 is forced from 
the nozzle 12. Simultaneously, it reversely flows from 
the manifold 18 into the ink inlet hole 16. As a result, the 
pressure near the manifold 18 is rapidly reduced to gen- 
erate a negative pressure wave. When this negative 



pressure wave reaches the nozzle 12, the ink jet from 
the nozzle 12 is stopped. The shorter the distance y, the 
shorter the time of reach of the negative pressure wave 
to the nozzle 12. Accordingly, when the distance y is 
5 reduced, the ink jet from the nozzle 12 is quickly 
stopped to result in a reduction in the volume of ink 
droplets. 

As is apparent from Fig. 15, when the distance x 
becomes about 1 1mm (y = L - x = 6mm ), the volume 
10 of ink droplets becomes about 30pl, i.e., half of the max- 
imum value. Further, when the distance x increases up 
to 1 4mm (y = 3mm) or more, the ink droplets cannot be 
jetted. While the volume of ink droplets may be adjusted 
more or less by controlling the applied driving pulse, the 
is relative positional relationship between the manifold 18 
and each ink chamber 4 must be defined so that the dis- 
tance x is set to 0.2mm or more and the distance y is set 
to 3mm or more, preferably 6mm or more. 

While the depth h and the width w of the manifold 
20 18 were set to 0.5mm and 5mm, respectively, in the 
above test, a tendency similar to that shown in Fig. 1 5 is 
exhibited even when the dimensions of the manifold 18 
vary from the above values. 

Further, while the full length L of each ink chamber 
25 4 was set to 1 7mm in the above test, a tendency similar 
to that shown in Fig. 15 is exhibited even when the full 
length L varies from 1 7mm. 

Consequently, in the ink jet apparatus 1 according 
to this preferred embodiment, the position of the mani- 
30 fold 18 to be formed in the cover plate 10 relative to 
each ink chamber 4 is such that the distance between 
the front side surface of the manifold 1 8 and the rear 
end surface of each ink chamber 4 is set to 0.2mm or 
more. Also, the distance between the front side surface 
35 of the manifold 18 and the inner surface of the nozzle 
plate 14 is set to 3mm or more, preferably 6mm or more. 

Because the distance between the front side sur- 
face of the manifold 18 and the rear end surface of each 
ink chamber 4 is set to 0.2mm or more and the distance 
40 between the front side surface of the manifold 18 and 
the inner surface of the nozzle plate 1 4 is set to 3mm or 
more, preferably 6mm or more, the ink droplets can be 
efficiently jetted and the ink can be smoothly supplied to 
each ink chamber 4. Accordingly, the ink droplets can 
45 be jetted with a speed and a volume sufficient to form 
print images. According to the Inkjet apparatus 1 of this 
preferred embodiment, ink droplets can be jetted with a 
speed of about 3 to 8m/sec and a volume of about 30 to 
90pl by applying a low driving voltage of about 20 to 50 
so volts. Thus, a driving circuit can be manufactured at a 
low cost with a small size. The ink jet apparatus 1 as a 
whole can therefore be manufactured at a low cost with 
a small size. 

It is to be noted that the present invention is not lim- 
»5 ited to the preferred embodiment described above, but 
various modifications may be made without departing 
from the scope of the present invention. 

For example, while the ink jet apparatus 1 of the 
preferred embodiment is of a shear mode type, such 
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that the ink in each ink chamber 4 is jetted by the shear 
mode deformation of each side wall 6 made of piezoe- 
lectric ceramics, the ink jet apparatus according to the 
present invention may be another type, such as a Kaiser 
type or a thermal jet type as mentioned previously. 

Claims 



An ink jet printing apparatus according to any pre- 
ceding claim wherein said manifold (18) has a 
depth of at least 0.2mm. 

An ink jet printing apparatus according to claim 8 
wherein said manifold (18) has a depth of at least 
0.3mm. 



1 . An ink jet printing apparatus comprising: 

a plate (2) with a plurality of longitudinally 
extending upstanding walls (6) defining parallel 
ink chambers (4), each of said ink chambers 
(4) having a front end and a rear end; 
a nozzle assembly (14) coupled to said plate 
(2) at said front end of said ink chambers (4) 
and having nozzles (12) formed therein, said 
nozzles (12) being aligned with said ink cham- 
bers (4); and 

a cover (10) coupled to said plate (2) and clos- 
ing said ink chambers (4), said cover (10) 
including an ink manifold (18) having a front 
side and a rear side and being in communica- 
tion with said ink chambers (4) and including an 
ink inlet (6) in said manifold (18) for introducing 
ink into said manifold (18); 

wherein each of said ink chambers (4) 
has a cross-sectional area and said manifold 
(18) has a cross-sectional area, and wherein 
the cross-sectional area of said manifold (18) is 
at least 0.5 times the cross-sectional area of all 
of said ink chambers (4) combined. 



10. An ink jet printing apparatus according to any pre- 
w ceding claim wherein said plate (2) and said cover 

(10) are bonded together with thermosetting adhe- 
sive. 

11. An ink jet printing apparatus according to any pre- 
75 ceding claim wherein a distance between said front 

side of said manifold (18) and said rear end of said 
ink chambers (4) is in the range of 0.2mm to 6mm 
and a distance between said front side of said man- 
ifold (18) and said front end of said ink chambers 
20 (4) at said nozzle (1 2) is at least 3mm. 

1 2. An ink jet printing apparatus according to claim 1 1 , 
wherein said distance between said front side of 
said manifold (18) and said front end of said ink 

25 chambers (4) at said nozzle (12) is at least 6mm. 

1 3. An ink jet printing apparatus according to any pre- 
ceding claim wherein each of said ink chambers (4) 
has a depth and said cover (10) has a thickness, 

30 and wherein said depth times said thickness is 
0.2mm 2 or more, which suppresses deformation of 
said cover (10). 



An ink jet printing apparatus according to claim 1, 
wherein the cross-sectional area of said manifold 
(18) is at most 5 times the cross-sectional area of 
all of said ink chambers (4) combined. 
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3. An ink jet printing apparatus according to claim 1 or 
2 wherein said manifold (18) has a depth that 40 
allows ink to flow into said ink chambers (4) without 
a change in pressure. 



4. An ink jet printing apparatus according to claim 1 , 2 
or 3 wherein said cover (10) has a surface that 
faces said plate (2) and said surface has a rough- 
ness of 5jim or less. 
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An ink jet printing apparatus according to claim 4 
wherein said surface has a roughness of 3^m or 
less. 
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6. An ink jet printing apparatus according to any pre- 
ceding claim wherein said ink inlet (2) is sized to 
create a laminar flow of ink into said manifold. ss 



An ink jet printing apparatus according to any pre- 
ceding claim wherein said ink inlet (16) has a diam- 
eter of at least 0.2mm. 



11 



EPO 810 093 A2 



Fig.lA 



16 10 




* \ N J *v N v \ \ * N X V % N V J 

N » h v v » \ N ^ » * >• V 
, * ? x \ N . N » > ^ v s v 7 

A 0 



Fig. IB 



18 






I / /\ 7 » 31 

1 * * \ " * * 

\ * * r 0 * 




* * * *• * 1 

r ^ ^ I 




1NSOOCI0: <EP OG10093A2J_> 



12 



EP 0 810 093 A2 



Fig.2 

REYNOLDS NUMBER (Re) 




0 0.2 OA 0.6 
DIAMETER d OF INK INLET HOLE (mm) 



EPO 810 093 A2 



Fig.3A 




MSOOCIO: <EP 0610093 A2J_> 



14 



EP 0 810 093 A2 



Fig.4 

CENTRAL SPEED OF JET AT 
THE DISTANCE h (mm/s) 




0 0.2 0.4 0.6 



DEPTH h OF MANIFOLD (mm) 



15 



EPO 810 093 A2 



Fig.5A 




16 



EPO 810 093 A2 

Fig.6 

PRESSURE LOSS (x 10 3 Pa) 
A 




SECTIONAL AREA (x 10~ 2 mm 2 ) 



Fig.7 




o ' 1 ' ■ ' i t i i 

0 1 2 3 A 

SECTIONAL AREA RATIO (Sl/SA) 



17 



EP 0 810 093 A2 




18 

)OClO-<EP 0810093A2 I * 



EP 0 810 093 A2 



Fig. 9 

FLYING SPEED OF INK DROPLETS (m/s) 




H x k (mm 2 ) 



19 



EP 0 810 093 A2 



Fig.lOA 




20 



081 0093 A2 I > 



EPO 810 093 A2 



Fig.ll 

VOLUME OF INK DROPLETS (pi) 




SURFACE ROUGHNESS ( pm ) 



21 



EPO 810 093 A2 



* 



Fig.l2A 




Fig.l2B 




tSOOCID: <EP 081 0093 A2_l_> 



22 



EP 0 810 093 A2 



CD 

CD 
X 

LU 
LL. 


CD 
• 

CD 

A 


j >30.0 


CD 
• 

CD 

A 


CD 
• 

CD 

A 


| 30.0 


26.8 


20. 1 


17.5 


OO 


Csl 
* 


I 

DIFFERENCE 
IN 

COEFFICIENT 
OF LINEAR 
EXPANSION 
(ppm/'C) 


CD 
• 

CD 


• 


CD 
• 


• 

in 


CD 
• 

UD 


CD 
• 


LO 
• 

OO 


OO 
• 


OO 

• 


12.8 


i 

COVER PLATE 


COEFFICIENT 
OF LINEAR 
EXPANSION 
(ppm/'C) 


CD 
• 


r— — ) 


CD 

• 


• 

en 


CD 
* 


CD 

oo 


lt> 
• 

cr» 


13.8 


13.8 


13.8 


MATERIAL 


PZTl 


Cvl 


»— 
a. 


ZIRCONIA 


ALUMINA 


ALUMINA 


ZIRCONIA 


MAGNESIA 


MAGNESIA 


MAGNESIA 


ELECTRIC 
[CS PLATE 


COEFFICIENT 
OF LINEAR 
EXPANSION 
(ppm/'C) 


CD 




CD 


CD 
-S3- 


CD 
Csl 


CD 


CD 


CD 


CD 
CM 


CD 


PIEZO 
CERAMl 


MATERIAL 


PZTl 




n_ 


. PZT3 


Csf 




a. 


PZT3 


PZT2 





CO 
r- 1 



23 



EP 0 810 093 A2 




OOCIO: <EP 0610093A2_L> 



24 



EP 0 810 093 A2 



Fig.15 



VOLUME OF INK DROPLETS (pi) 




x (mm) 



25 



EP 0 810 093 A2 



Fig. 16 




DOCID- <EP . 0819093A2 I > 



26 



EP 0 810 093 A2 



Fig.17 



41 



42 



52 









\ 


\/////;;////;/, 




\/////////// 


















Fig.18 



20 



8e Ab 8f 



27 



EP 0 810 093 A2 




28 



OOCIO: <EP 0610093A2 J_> 



(19) 




(12) 



EuropSisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 810 093 A3 

EUROPEAN PATENT APPLICATION 



Date of nublication A3* 

14 D1 1QQ8 Bulletin 1908/03 

(43) Date of publication A2: 

03.12.1997 Bulletin 1997/49 

(*?"\ \ Annliration number* 97114688 1 
(22) Date of filing: 10.02.1994 


/ci\ i-. + s>\ 6. D41 I OfHA Q/M I O/H 7C 

B41J 2/045 


npcinnatpH ("Inntrartino StatP^* 

IO"J UCdl^l iuLC7\J vUl IU Hvill 1^ w LCI ICO • 


l / II IV CI UUI • 


DEGB SE 


Zhang, Qiming, 




c/o Brother Kogyo K.K. 


(30) Priority: 10.02.1993 JP 22571/93 


Nagoya-shi, Aichi-ken (JP) 


(62) Document number(s) of the earlier application(s) in 


(74) Representative: 


accordance with Art. 76 EPC: 


Senior, Alan Murray 


97101749.6/0 774 355 


J.A. KEMP & CO., 


94300968.8/0 611 154 


14 South Square, 


(71) Applicant: 


Gray's Inn 


London WC1 R 5LX (GB) 


BROTHER KOGYO KABUSHIKI KAISHA 


Nagoya-shi, Aichi-ken (JP) 





CO 

< 

CO 

<7> 
o 

o 

CO 

o 

CL 
LU 



(54) ink jet apparatus 

(57) An ink jet apparatus includes a plurality of ink 
chambers (4) each having a front end and a rear end, a 
manifold (18) provided to introduce ink into each ink 
chamber (4) with a front side surface on a side near the 
front end of each ink chamber (4), and a nozzle pro- 
vided at the front end of each ink chamber (4). Ink is jet- 
ted from the nozzle by applying pressure to the ink 
contained in each ink chamber (14). Each of the ink 
chambers (4) has a cross-sectional area (S2) and the 
manifold has a cross-sectional area (S1), the cross-sec- 
tional area (S1) of the manifold (18) being at least 0.5 
times the cross-sectional area (SA) of all the ink cham- 
bers combined. 



Fig.7 



PRESSURE LOSS (x 10 3 Pa) 




0)234 
SECTIONAL AREA RATIO (Sl/SA) 



Primed by Xerox (UK) Business Services 
2.15 8/3.4 



mociDr<PP nfiinoMA.1 I ^ 



EP 0 810 093 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 4688 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
of relevant passages 



EP 0 364 136 A (AM INT) 18 April 1990 

* abstract * 

* column 6, line 13-44; figure 3 * 

US 4 520 374 A (KOTO HARUHIKO) 28 May 1985 

* column 9, line 27-61; figure 14 * 

US 4 730 197 A (RAMAN GOPALAN ET AL) 8 
March 1988 

* abstract * 

* column 13, line 23-33 * 

EP 0 426 473 A (TEKTRONIX INC) 8 May 1991 

* claims 14,17 * 

EP 0 522 814 A (TOKYO ELECTRIC CO LTD) 13 
January 1993 

* figure 11 * 



The present search report has been drawn up for all claims 



PUC4 Ot M4'C* 

BERLIN 



Relevant 
to claim 



Dale of con^piettoi o* Jhe searcn 

14 October 1997 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 



B41J2/14 

B41J2/175 

B41J2/045 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



B41J 



Nielsen* M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant rf taken alone 

Y : particularly relevant tt oombined with another 

document of the same category 
A : techno log ica) background 
O : non-written disclosure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



JNSOOCID: <EP 0810093A3_I_> 



